Microevolutionary studies and natural history suggest that host-specialization has promoted the high diversity of tropical sponge-dwelling snapping shrimps (Decapoda, Alpheidae, S&nu&h). Yet the taxonomic difficulty of this genus has precluded rigorous tests of this hypothesis. S. rathbunue Coutiere is among the most abundant invertebrates inhabiting the framework of sponges and dead coral that forms the floor of Caribbean coral reefs. Even within a small area S. rathbunue exhibits the apparently wide variation in size, color, and morphology that has long frustrated efforts to identify and define species boundaries within this large ( > 100 described species) genus. Here I show that sympatric populations of this nominal species occupying different sponge hosts display clear, concordant differences in allozyme genotypes and in multivariate morphometrics, c o n f i i n g that the populations represent three distinct biological species. Moreover, careful field sampling revealed that the three S. rat'zbwuu taxa and the closely related S. Jiliddpiruc Armstrong showed almost no overlap in the species of hosts occupied.
INTRODUCTION
The cessation of gene flow between populations, and their subsequent differentiation into biological species, is a fundamental step in the origin of biological diversity. Yet the relative importance of natural selection versus spatial isolation in driving speciation remains obscure. Comparison of closely related ('sibling') species offers one of the clearest available windows on this process, as recently diverged species are more likely than older species to retain geographic distributions and characters useful in reconstructing the history of their divergence. The more recently a speciation event has occurred, however, the more the resultant sister species are likely to be similar in morphology and in other characters that might be used to identie them. Thus the taxa most promising for macroevolutionary studies of speciation are frequently the most dimcult to recognize. This problem is particularly pronounced for marine invertebrates, whose species have traditionally been defined on the basis of conspicuous morphological characters, with the consequence that wide variation in ecology, morphology, and behaviour have generally been interpreted as representing environmentally induced phenotypic plasticity (Knowlton &Jackson, 1994) . Recent research has revealed that, in a range of marine invertebrate taxa, many such morphospecies in fact comprise complexes of genetically and ecologically distinct biological species (Knowlton, 1 993) . Such cases often demand substantial reinterpretations of their ecology and biogeography, and offer important opportunities for tracing the course of speciation.
Here I use the comparative approach to investigate the role of resource use, specifically host aililiation, in the radiation of tropical sponge-dwelling shrimp. The shrimp genus ,!$Ynalpheus (Decapoda: Alpheidae) comprises one of the most speciesrich (Bruce, 1976; Chace, 1989) and abundant (Reed et aL, 1982; Snelgrove & Lewis, 1989 ) genera of tropical crustaceans. Most of the Caribbean species (19 of 30 described) in the genus belong to the gambarelloides species group, an apparently monophyletic clade that is largely restricted to the tropical west Atlantic, and consists almost entirely of obligate inhabitants of sponges (CoutiQe, 1909; Dardeau, 1984; D u e , 1992) . Several S y n a & h species are known to feed on host sponge tissue (Rutzler, 1976; Erdman & Blake, 1987; Duff) ., unpublished observations), and most are probably at least facultative parasites. Because of their sedentary habits, patchily distributed hosts, and the presence of direct development in many ,!$Ynalpheus species (Dobkin, 1965 (Dobkin, , 1969 , populations of these shrimps are often strongly subdivided on scales of km or less ( D u e , 1993, 1995) , in marked contrast to typical, planktonicallydispersing marine invertebrates (Palumbi, 1994) .
Intensive sampling of sponge-associated faunas in the San Blas islands of Caribbean Panama, and in the vicinity of Carrie Bow Cay on the Belize Barrier Reef ( D u e , 1992 and unpublished) revealed that the closely related species S. ruthbunue and S.Jilid@tus are among the most common invertebrates inhabiting the sponges and dead coral rubble that fill the interstices of coral reefs in these areas. In this study I show that the nominal species S. ruthbum is divisible into three biological species distinguishable by diagnostic allozyme alleles and distinct combinations of morpho-metric characters. Most importantly, these closely related shrimp species display almost no overlap in the species of host sponges occupied, supporting evidence from population-level studies of other synalpheus species that resource (host) specialization has been important in the radiation of this diverse group.
MATERIAL AND METHODS
As is true of many members of the genus Synalpheus (Dardeau, 1984) , shrimp belonging to the nominal species S. rathbunae display a wide range in colour, body size, host amiation, and in several morphological characters. I used a combination of genetic, morphometric, and behavioural data to assess whether such variation occurs primarily within or among species, by comparing populations of S. ruthbunae occupying different host sponge species in Caribbean Panama and Belize.
Collections and documentation of host use patterns
To quantify shrimp host specificity and to obtain specimens for genetic and morphometric analysis, I collected samples of exposed sponges, and rubble derived from dead branching coral, and dissected them in search of shrimp. I obtained sponge and rubble samples from shallow water, ( < 10 m) on Ulagsukun, Guigalatupo and Mamitupo reefs, and from the Limones Cays, all in the vicinity of the Smithsonian Tropical Research Institute's field station in the San Blas Islands, Panama (9'34" 78'58'W). On the Belize Barrier Reef, I collected samples of sponges growing among the dead basal branches of colonies of the reef coral Madracis mirabilis (Duchassaing and Michelotti) on the outer reef ridge ( -15 m deep) of Carrie Bow Cay (1 6" 48" 88" 05'W), and samples of sponge-encrusted branching coral rubble from shallow ( < 3m) patch reefs east of Blue Ground Range.
Virtually all of the shrimp obtained were associated with living sponges, identifications of which were confirmed from tissue samples and photographs. Because many of the sampled sponge species live in cryptic habitats, they were invisible until the rubble samples had been collected, returned to the laboratory and dissected; thus it was impossible to collect equal numbers of each sponge species.
Genetic anabsis of shrimp populations
I used horizontal starch gel electrophoresis to assess the extent of gene flow among shrimp populations. In Panama, I collected and analysed shrimp from Lissodendopx colombiensis Zea & van Soest (a total of 100 shrimp from 9 individual sponges) and Xestospongia rosariensis Zea & Rutzler (100 shrimp from 8 sponges) on four reefs. In Belize I analysed 10-13 shrimp from each of 6 Xestosporgh cf. subtriangularis (Duchassaing), and 13 from a single LissodendoTYx cf. strongylata van Soest, all from Carrie Bow Cay. Live shrimp were dissected from sponges and maintained alive for up to 9 days before being flash-frozen in liquid nitrogen or on dry ice and stored at -80°C until electrophoresis. Immediately before electrophoresis frozen shrimps were placed in ceramic spot plates with 3040p1 of 0.25M sucrose in 2% (v/v) 2-phenoxyethanol, and ground manually with a pestle. Homogenates were absorbed onto filter-paper wicks and analysed via horizontal starch gel electrophoresis using standard methods (Selander et al., 1971) and staining procedures (Brewer, 1970; Harris & Hopkinson, 1976 and host species were interspersed on a given gel to facilitate comparison of alleles; all alleles were named according to their Yomobility relative to the most common allele in S. brookn' CoutiQe from Tiantupo, Panama, which was designated 100 (see D u e , 1995). Using BIOSYS-1 (Swofford & Selander, 1981) , allele frequencies were calculated and used to compute Nei's (1978) unbiased genetic distance between pairs of demes (I use deme to designate the group of conspecific shrimps inhabiting an individual sponge); demes were then clustered phenetically using UPGMA.
MorphometriC una&sis ofshrimp populations
In an attempt to diagnose shrimp taxa from different host species on the basis of characters observable in preserved specimens, I measured a suite of 16 morphological characters (see Chace, 1972 for illustration): (1) carapace length (an index of body size); (2) length of the basicerite, i.e. the lateral spine on the basis, or first article, of the second antenna; (3) length of the scaphocerite (or antennal scale), i.e. the exopod of the second antenna; (4) length of the major chela, i.e. the claw on the larger of the first or anterior pair of chelipeds; lengths of the (5) chela, and (6) carpus (i.e. next proximal segment, or fifth article) of the minor first cheliped; (7) length, and (8) width of the merus (fourth article) of the minor first cheliped; (9) length, and (1 0) width of the merus of the second cheliped; (1 1) the mean number of fixed teeth on the lateral branch of the right and left uropods; (12) length, (13) width at anterior margin, and (14) width at posterior margin of the telson (the terminal abdominal segment); and lengths of the (15) lateral, and (16) medial spines on the posterior margin of the telson. I measured a total of 34 shrimp from Lissodendolyx colombiensiE in Panama (5-7 from each of 6 individual sponges), 38 shrimp from Xestospongia rosa* in Panama (6-8 from each of 6 sponges), 35 shrimp from Xestospongia cf. subtriangularis in Belize (5-6 from each of 6 sponges), and 5-7 shrimp each from single specimens of &elm clathrodes (Schmidt), fisodendolyx cf. strongvlata, and an unidentified cryptic sponge in Belize.
I used canonical variates (CV) analysis to assess morphological differences among shrimp populations. I define a population here as the group of demes using a given host species in a given area. CV analysis finds linear combinations of variables, called canonical variates, that maximize differences among groups designated a p r i (in this case, different shrimp populations). Differences among the centroids (multivariate means) of the groups can then be tested for significance. CV analysis can be very useful in identif)ing which of a large group of variables contribute most to the separation of groups; however, it also poses several practical problems. First, because the resulting canonical axes are not orthogonal to one another, the coefficients or 'loadings' of the original variables onto the canonical axes cannot be interpreted as straightforwardly as is possible in principal components analysis (Marcus, 1990; Reyment, 1990) . Moreover, CV analysis is sensitive to violations of the assumptions of multivariate normality and equality of variances, neither of which properties can reliably be judged from univariate distributions. For these reasons, I used the canonical coefficients obtained for each of the 16 original variables not as quantitative measures of their importance in discriminating groups of shrimp, but rather as qualitative guides to which of these variables should be examined more closely. I then conducted univariate ANOVAs to test the significance of single characters, or ratios between characters, that were indicated as important in discriminating groups by the CV analysis.
I used the CANDISC procedure of SAS (SAS, 1985) to conduct separate CV analyses at two hierarchical levels. First, all shrimp measured in the study were analysed together to identifir morphological differentiation among populations from different sponges and localities. Second, I assessed morphological differentiation among conspecific demes by using shrimp samples from individual, conspecific sponges as the designated groups. In the first analysis, comparing shrimp populations in different sponge species, I used the raw data, unstandardized for body size, as input. In the analysis of differences among demes within species, however, the data for all size variables (i.e. all variables except number of uropod teeth) were divided by carapace length (an index of overall body size), and this standardized variable was used as input for the analysis. The rationale for this different treatment was as follows. The populations from different sponge species appeared to differ consistently in adult body size, such that overall size was considered likely to be a real component of morphological differences among these taxa, and thus a legitimate component of the analysis; in addition, since the total sample of shrimp from a given sponge species consisted of individuals spanning a wide size range and originating from several demes, it seemed likely that the average body size in each sample would approximate that of the population at large. Samples from individual demes, on the other hand, commonly consisted of only 5-6 shrimp and seemed less likely to represent the entire size range of the population. Differences in body size among these demes, therefore, were judged more likely to be affected by sampling error and so measurements were standardized by dividing by carapace length.
Behauioural responses to alt&rnate hosts
As a final source of evidence for host-associated differences among shrimp populations, I conducted behavioural assays in the laboratory to assess whether shrimp from the two sympatric sponges Lissodendolyx colombimis and Xestospongia rosariensis in Panama exhibit differential preference for their respective hosts. I chose these two sponges because they were relatively common and easily collected on the same reefs. The assay consisted of offering pieces of each of the two sponges to individual shrimp in the laboratory and recording which one was occupied after several hours. Shrimp used in these assays were obtained from three demes (i.e. individual sponges) of each host species.
In the lab, I sliced the sponge portions into pieces approximately 4 X 4 X 1 cm in size, removed and set aside all shrimp, then suspended the sponge pieces in a mesh bag submerged in the field for 2 30 min prior to assays. After this recovery period one piece of each of the two sponge species was placed in a plastic bowl containing -400 ml of seawater, and a single shrimp was then added to the bowl. The assays began in the evening, and shrimp were allowed to distribute themselves for 9.5 h in the darkness. After this time, I quickly removed each sponge piece from the bowl, dipped it in freshwater to dislodge the shrimp, and recorded which sponge piece was occupied by the shrimp in each replicate bowl. For each of the two shrimp populations, differences in the numbers of individuals occupying the two offered sponge species were compared with a binomial test (Zar, 1974) . Differences in host preference between shrimp originating from the two host species were assessed with Fisher's exact test.
RESULTS

Genetic anahsis of shrimp populations
Populations of S. rathbunae clustered genetically into three quite distinct groups diagnosed by fixed allelic differences at each of several loci, and clearly representing
"s. ruthbunae": S. 'ruthbunae A' and 'B' respectively) shared no alleles at 5 of the 8 loci scored. The single Belizean population from Lissodendolyx cf. strongvluta clustered together with Panamanian populations from Lkm!endolyx colombiens& showed no fixed allelic differences from these populations, and was consequently also designated species A.
A third taxon, S. 'ruthbunae C' from Xestospongia cf. subtriangularis in Belize, was genetically distinct from both of the other S. ruthbunae taxa. Each of the three taxa could be reliably diagnosed from the other two by its genotype at the P@, Idh and Aut loci (Table l) , the latter two of which were fixed for species-specific alleles. Accordingly, the three host-specific species were separated by very high values of Nei's (1 978) unbiased genetic distance, ranging from 0.55-1.25, with much smaller distances among demes within species. Some, but not all, of the genetically distinct taxa could be recognized by body color in life, although the elaborate color patterns useful in discriminating sibling species in the related genus Alphas (e.g. Knowlton & Keller, 1985) and some other decapods (Huber, 1985; Knowlton, 1986) are not present in most & n u & h species.
S. rathbunue A and C were both translucent orange overall, more intensely so in the distal part of the major chela; ovaries and embryos of S. ruthbunae A were bright orange whereas those of S. rathbunue C were pale green. S. rathbunue B and S.Jilid@tu.s were both translucent whitish with a brown wash to the distal part of the major chela; ovaries and embryos of S. ruthbunae B were whitish, whereas they were pale yellow to pale green in S.jlid@tus.
Morphometric anubsis of shrimp populations
All of the shrimp populations examined were similar in morphology, and when taken singly, none of the morphological characters measured was entirely reliable in assigning a specimen to one of the three species recognized genetically (Table 2) . Although the taxa showed overlapping distributions for all of the characters, canonical variates analysis separated the three S. ruthbunae taxa clearly (Fig. 2 , Wilks' lambda = 0.0034, P < 0.0001). Canonical coefficients of the 16 morphometric measurements suggested that the major contribution to canonical variate (CV) I came from the proportions of the elements of the minor first cheliped. Univariate tests confirmed this, showing that the distinctness of Panamanian populations from Xestospongiu r o s u G (i.e. species 'By) on this a x i s (Fig. 2) results from the relatively short chela, and long carpus and merus in these shrimp, compared with the other species (Table 2) . High scores on CV I1 appeared due primarily to a relatively slender (long, narrow) merus on the second cheliped, and a long scaphocerite. This axis separated demes collected from Lksodendoyx colombietlsis in Panama, and from L. CJ: strongylata, Agelas cluthrodes, and the unidentified encrusting sponge in Belize (all species 'A') from populations in Xestospongiu cf. subtriangularis in Belize (species 'C', Fig. 2) . The Panamanian and Belizean populations designated as species A clustered together in morphospace (Fig. 2) , corroborating their genetic similarity.
Intraspecific analyses revealed significant, and in some cases strong, differentiation among demes within species (Fig. 3) . Not surprisingly, the strongest intraspecific differentiation occurred among the geographically distant populations of S. rathbunue A. Populations of this species from Panama and Belize were clearly separated along CV I (P < 0.0001), with Belizean demes characterized by a stouter (shorter, wider) telson, and proportionally longer scaphocerite than the Panamanian demes (Table 2 ). Differentiation among demes of species B was not as marked (P = 0.016) and appeared attributable primarily to differences in relative lengths of the second cheliped's merus, and the telson. Interdemic differentiation in species C was surprisingly high (P = 0.0007), resulting mainly from differences in relative lengths of the merus and chela of the minor first cheliped.
Host speqficip in thejeld
The three S. rathbunae species, along with the closely related species S.jlid@tus, were distinctly segregated by host species in the field (Fig. 4) . In Panama, the two sympatric taxa S. rathbunae A and B showed no overlap in host occupation: of 24 specimens of Lissodendoryx colombiensis examined, 83% (20) were occupied by S. rathbunae species A, while none harboured S. rathbunae B. Apart from these collections, examination of a large number of Panamanian sponge samples representing at least 20 species (Duffy, 1992 and unpublished) found S. rathbunae A only in 2 of 8 sampled specimens of Hymenkcidon cf, caerulea Pulitzer-Finali (Fig. 4) , and in a single specimen of an unidentified sponge growing among coral rubble. None of these sponge species harboured S. rathbunae By which appears to be a specialist on Xestosporgk r0sarkn.k in Panama, where it occupied 100% (n = 28) of the sponges sampled (Fig. 4) , and was found in no other host.
Segregation of the three Belizean shrimp species by host was also quite marked. S. being found only in a single specimen of A g e h chthrodes (n = 28 sampled), 3 of 18 Lissodmdolyx cf. strongylata (n = 1 l), and in the single sampled specimen of an uncommon, unidentified encrusting sponge. Of these sponge species, none supported any of the other species in the S. rathbunae complex. Finally, the closely related S.
Jlid@tus occurred primarily in Xestospongia cf. proxima (Duchassaing & Michelotti) and Oceanapia sp., neither of which supported any of the S. rathbunae taxa; however, S.
Jlid@tus also occupied a small percentage of the X . cf. subtrkngdah sampled (Fig. 4) . Even for the latter sponge, the only host species in which more than one of these shrimp species occurred, I found no case in which an individual sponge was occupied by more than one shrimp species.
CANONICAL VARIATE 1 Figure 2 . Morphological differentiation among taxa in the Synulpheur ruthbunac complex, as illustrated by their scores on the first two canonical variate axes derived from measurements of 16 morphological characters. The Pvalue is from W W lambda test of the null hypothesis that the centroids (multivariate means) of the four groups do not differ significantly (SAS, 1985) . Each symbol represents an individual shrimp. The three distinct clusters correspond to the three biological species diagnosable by fixed allozyme differences (Fig. 1, Table 1 ).
-
--2 -
Behavioural responses to alhmate hosts
In the laboratory, host choice by the two sympatric Panamanian taxa of the Syna&heus rathbunae complex generally corroborated the specificity of their host associations in the field (Fig. 5) . S. rathbunae from Lissodendoyx colombietasis (species A) tended to prefer this sponge over Xestospongia rosariensis (P = 0.053, binomial test). Conversely, S. ruthbum from X. rosurimis (species B) occupied this sponge almost exclusively (P < 0.001, binomial test), as it did in the field. The difference between the two shrimp species in host choice was highly significant (P < 0.001 , Fisher's exact test).
Figure 4. Host sponges occupied by memben of the S. ralhbunue complex and the closely related S.Jildigitus in the field. Species A, B and C correspond to the genetically distinct taxa in Fig. 1 . Plotted is the percentage of sampled sponges in which shrimp of a given species were found; the number of sponges sampled is in parentheses after the sponge name (P and B refer to sample sizes in Panama and Belize respectively). Open bars represent samples from Panama, and hatched bars samples from Belize.
DISCUSSION
This study demonstrates that the nominal species Synulphm ruthbunae actually comprises at least three genetically distinct biological species, and that these species, along with the closely related S. jfildigitutus, are highly host-specific and strongly segregated among the sponge species that they collectively occupy. Thus an apparently widespread, morphologically plastic, and ecologically generalized species is in fact a complex of more narrowly distributed ecological specialists. The critical evidence for the status of the three S. ruthbunae taxa as biological species is their genetic distinctness. There has clearly been little or no gene flow between sympatric
FROM L. colombiensis Figure 5 . Results of laboratory assays testing differential host preference by the two sympatric taxa of the Synalphcur rathbunae complex in Panama. Assays tested choice between the sponges fiso&ndoyx colmnbienrir and Xestospongia rosarimrir as a function of the host species from which shrimp were collected. The Pvalues shown separately for the two shrimp taxa are from binomial tests measuring non-random choice between the two sponges. The Pvalue for shrimp origin is from Fisher's exact test of the difference in host choice between the two shrimp taxa. populations of S. ruthbunae A and B for some time, as evidenced by the lack of shared alleles at 5 of 8 allozyme loci scored. Indeed, the pronounced genetic differentiation between these species implies that they are relatively old, despite comparatively subtle morphological differentiation. This result recalls quite similar findings of large genetic distances accompanied by little morphological evolution in other marine crustaceans (Palumbi & Benzie, 199 1 ; Bucklin, Frost & Kocher, 1992) , and in marine invertebrates generally (Knowlton, 1993) , emphasizing the value of incorporating ecology, body color, and genetic characters, as well as morphology, into the recognition of species boundaries in these animals.
The genus &nulpheus has long been notorious for the dimculty of diagnosing its species (Coutitre, 1909; Chace, 1972; Banner & Banner, 1975; Christofferson, 1979; Dardeau, 1984) . Useful morphological characters are few, gradation between forms appears common, and wide variation in body size and host affiliations among putative conspecifics from Werent geographic areas is the rule. The sometimes pronounced morphometric differentiation found among conspecific demes in this study (Fig. 3) illustrates this problem. Such small-scale variability is probably due in large part to the presence of direct development in the species of the S. ruthbunae complex which, together with the sedentary habit of adults, results in low gene flow and strong population subdivision (as in S. brookn ', D u e , 1995) . The more important finding, however, is that, at least for the one nominal species studied here, the greater part of the phenotypic variation is attributable to the existence of several previously unrecognized biological species which are genetically, ecologically and demographically distinct, but morphologically similar. Likewise, several other nominal species of Synalpheus each comprise three or more biological species (J.E. Duffy, unpublished data). Although the morphological differences among these species are fairly subtle, the good news for practical taxonomy is that, as in many such cases (Knowlton, 1993) , they are readily observed in preserved specimens once they have been discovered with the aid of ecological and/or genetic data (Fig. 2, Table 2 ). In fact, it seems especially significant, given the morphological plasticity frequently attributed to species of & n u l p h , that populations of S. ruthbunae A from sites -1500km apart, and occupying different host species, are recognizable as conspecific using both genetic and morphometric data (Figs 1,2) , Specifically, while Panamanian and Belizean populations of this species differed somewhat in allele frequencies, they showed no fixed allozyme differences (Table l) , and were separated by a much smaller genetic distance than were species A, B and C (Fig. 1) . Similarly, the two populations of species A, despite significant differentiation between them (Fig. 3) , were closer in morphometric space than were any of the other taxa (Fig. 2) . Thus, in spite of sigdicant geographic divergence, diagnostic morphological characters for these species appear reliable at least across this part of the species range. This evidence cautions against the wholesale synonymization of species within this genus based on small series of preserved specimens (e.g. Christofferson, 1979) , and bolsters the claim (Knowlton &Jackson, 1994 ) that species diversity of many coral reef taxa has been underestimated by a factor of 3 to 5.
The significance of these results, and indeed much of the controversy surrounding the question of how many species exist, might be seen as an arcane academic argument between taxonomic 'lumpers' and 'splitters'. It is not. The important point is not simply that unrecognized species exist, but rather that a complex of biologically distinct and demographically independent biological species is ecologically very different from a single, widespread and ecologically generalized species. The host use patterns of species in the S. ruthbunue complex (Figs 4,5) provide a striking example. Such ecological differences among species often result in responses to habitat alteration (e.g. changes in composition of the sponge assemblage) or other ecological disturbances that could not be predicted based on the assumption of a single, ecologically generalized species. For example, Knowlton et ul. (1 992) demonstrated significant differences in growth rate and oxygen isotopic ratios among previously unrecognized sibling species of the coral Montmtreu unnulmis, a commonly used environmental indicator on coral reefs. Since the geographic ranges, and often the population densities, of biological species are frequently considerably smaller than those of the previously recognized morphospecies, they are also likely to be more vulnerable to extinction through habitat destruction and disturbance than a widespread and abundant species would be.
Finally, a complex of biological species implies a potentially very different evolutionary history than a widespread generalist species. In the case of the S.
ruthbunue complex, the host use patterns of the four shrimp species support a significant role for host-specialization in their radiation. Intimate association with other organisms is widely believed to be an important driver of speciation in phytophagous and zooparasitic insects (Bush, 1975; Price, 1980; Mitter, Farrell & Wiegmann, 1988) , and this hypothesis is supported for several phytophagous taxa by the existence of closely related insects using different host species (Bush, 1969; Guttman, Wood & Karlin, 1981; Knerer & Atwood, 1973; Menken, Herrebout & Wiebes, 1992; Roininen et ul., 1993) . A similar situation has been postulated for symbiotic marine animals (Bruce, 1978; D u~, 1992 , 1995 , and is particularly likely for sponge-dwelling Synulpheus species, many of which are strongly host-specific (Duffy, 1992, figs 4,5). For example, populations of S. brook occupying Werent host species show significant differences in demographic structure, behaviour, and allozyme frequencies on a scale of 10s to 100s ofm (Duffir, 1993 (Duffir, , 1995 . The present study provides evidence from a macroevolutionary perspective that is consistent with such population-level patterns, and implicates host specialization in driving the radiation of symbiotic shrimp. Specifically, the almost complete lack of overlap in host use by the S. ruthbunue species (Fig. 4) is precisely what would be expected if host shifts have been important in their radiation, either by initiating speciation or by preventing competitive exclusion of recently diverged sister species through character displacement in host use. Moreover, these shrimp display a degree of conservatism in host use reminiscent of that common in phytophagous insects (Ehrlich & Raven, 1964; Mitter, Farrell & Futuyma, 199 1) : three of the four shrimps studied (species B, C and S.jlid@tus) were associated primarily or exclusively with sponges in the genera Xestospongia and Oceunupiu, which are placed in the related families Petrosiidae and Oceanapiidae (van Soest, 1980) . Similarly, S. ruthbunae A was found most often in species of Lksodendoryx in both Panama and Belize. The generality of the pattern of resource partitioning found in the S. ruthbunae complex is supported by recent studies of other marine taxa, which document hostspecific cryptic species of hydroids encrusting hermit crab shells (Buss & Yund, 1989) , pea crabs living in bivalves (Stevens, 1990) , and coral-dwelling mussels (Mokady et ul., 1994) , as well as by earlier findings of assortment of shrimp 'color morphs' by host species (Bruce, 1978) . Although such purely descriptive patterns can provide no definitive evidence for mechanisms of origin or coexistence, the collective weight of such examples supports an important role for resource specialization in the origin and/or maintenance of the characteristically high diversity of coral reefs. As illustrated by the S. rathbunae complex, merely identlfjrlng these patterns depends critically on careful taxonomy.
